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Abstract 
7KHDFFXPXODWLRQDQG UHSRVLWLRQLQJRIHPSW\FRQWDLQHUVKDYHEHFRPH
DFXWHSUREOHPVIRUFRQWDLQHUSRUWVDQGDUHH[SHFWHGWRLQWHQVLI\LQWKHIXWXUH
JLYHQWKHH[SHFWHGJURZWKLQWUDGHLPEDODQFHVDPRQJWUDGLQJQDWLRQV7KHVH
SUREOHPVDUHPDMRUFRVWVDQGRSHUDWLRQDOFKDOOHQJHV IRUFRQWDLQHUSRUWV
0RUHDFFXUDWHIRUHFDVWLQJRIYROXPHVRISRUWHPSW\FRQWDLQHUVZLOOHQDEOH
FRQWDLQHUSRUWV WRGHYHORSPRUHFRVWHI¿FLHQWSODQVIRUWKHUHSRVLWLRQLQJRI
HPSW\FRQWDLQHUV7KLVSDSHUFRPSDUHVWKH7LRJD*URXS8QLWHG1DWLRQVDQG
:LQWHUVPHWKRGXWLOL]LQJHPSW\FRQWDLQHUYROXPHVRI WKUHH86FRQWDLQHU
SRUWVLQIRUHFDVWLQJYROXPHVRISRUWHPSW\FRQWDLQHUV7KH:LQWHUVPHWKRGLV
IRXQGWRSURYLGHPRUHDFFXUDWHIRUHFDVWVRIYROXPHVRISRUWHPSW\FRQWDLQHUV
WKDQWKH7LRJD*URXSDQG8QLWHG1DWLRQVPHWKRGV
.H\ZRUGV(PSW\&RQWDLQHUV)RUHFDVWLQJ:LQWHUVPHWKRG
5HVHDUFK$VVLVWDQW3URIHVVRURI2OG'RPLQLRQ8QLYHUVLW\86$(PDLOUGLD]#RGXHGX
3URIHVVRURI2OG'RPLQLRQ8QLYHUVLW\86$(PDLOZNWDOOH#RGXHGX
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I. Introduction 
7KHXVHRIRFHDQFRQWDLQHUVLQPDULQHWUDQVSRUWDWLRQKDVVWHDGLO\LQFUHDVHG
VLQFH WKHLU LQWURGXFWLRQDERXWKDOIDFHQWXU\DJR7KHJURZWK LQFRQWDLQHU
WUDGHKDVEHHQHQKDQFHG LQ UHFHQW\HDUVE\ WKHHFRQRPLFGHYHORSPHQW LQ
$VLDSDUWLFXODUO\LQ&KLQD:RUOGZLGHRFHDQFRQWDLQHUWUDI¿FLQFUHDVHGIURP
PLOOLRQ7(8V7ZHQW\IRRWHTXLYDOHQWXQLWV LQ WRPLOOLRQ
7(8VLQ7KHDQQXDOJURZWKUDWHLQFRQWDLQHUWUDI¿FKDVEHHQLQ
FRPSDULVRQWRWKHJURZWKUDWHLQZRUOGWUDGH)RU86SRUWVFRQWDLQHU
WUDIILF LQFUHDVHG IURPPLOOLRQ7(8V LQ WRPLOOLRQ7(8V LQ

,PEDODQFH LQJOREDO WUDGH LV WKHIXQGDPHQWDOFDXVHIRU WKH LPEDODQFH LQ
WKHVXSSO\RIDQGGHPDQGIRUHPSW\FRQWDLQHUVDQGWKXVWKHUHSRVLWLRQLQJRI
HPSW\FRQWDLQHUVDPRQJSRUWV)RUH[DPSOHWKH(XURSH$VLDWUDGHURXWHKDV
PRUHFRQWDLQHUVZLWKH[SRUWFDUJRIURP$VLDWR(XURSHWKDQIURP(XURSHWR
$VLD&RQVHTXHQWO\ WKHUHDUHIHZHUFRQWDLQHUVEHLQJUHWXUQHGWR$VLDIURP
(XURSH7KXV(XURSHDQSRUWVDUHH[SHULHQFLQJDVXUSOXVRIHPSW\FRQWDLQHUV
ZKLOH$VLDQSRUWVDUHH[SHULHQFLQJDVKRUWDJHRIHPSW\FRQWDLQHUV6LPLODUO\
WKH ODUJH WUDGH LPEDODQFHEHWZHHQ$VLDDQG1RUWK$PHULFD ZLWK$VLD¶V
H[SRUWV WR WKH86H[FHHGLQJ LWV LPSRUWV IURPWKH86KDVDOVRUHVXOWHG
LQDVLJQL¿FDQWVXUSOXVRIHPSW\FRQWDLQHUVLQWKH86$OWKRXJKWKH86
WUDGHLPEDODQFHKDVGHFOLQHGVRPHZKDWGXULQJWKHUHFHQWJOREDOHFRQRPLF
UHFHVVLRQWKLVWUDGHLPEDODQFHLVH[SHFWHGWRSHUVLVWLQWKHIRUHVHHDEOHIXWXUH
7KXVWKHSUREOHPRIUHSRVLWLRQLQJHPSW\FRQWDLQHUVE\VKLSSLQJOLQHVIURP
VXUSOXVHPSW\FRQWDLQHUSRUWVWRVKRUWDJHHPSW\FRQWDLQHUSRUWVZLOOUHPDLQ
IRUWKHIRUHVHHDEOHIXWXUH
7KH UHSRVLWLRQLQJ RI HPSW\ FRQWDLQHUV LV QRW RQO\ LPSDFWHG E\ WKH
GHFLVLRQVRIFRQWDLQHUSRUWVEXWDOVRE\WKHGHFLVLRQVRIFRQWDLQHUVKLSSLQJ
OLQHVFRQWDLQHU OHDVLQJFRPSDQLHV LQWHUPRGDOFDUULHUVVKLSSHUVDQGRWKHU
LQYROYHGSDUWLHV3RUWVPD\LQIOXHQFHWKHUHSRVLWLRQLQJRIHPSW\FRQWDLQHUV
6RQJDQG&DUWHU
6RQJDQG&DUWHU
$PHULFDQ$VVRFLDWLRQRI3RUW$XWKRULWLHV
%RLOH
7KH7LRJD*URXS
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E\VKLSSLQJOLQHVWKURXJKVWRUDJHWDULIIFKDQJHV6LQFHFRQWDLQHUVDUHRZQHG
E\FRQWDLQHUVKLSSLQJOLQHVDQGFRQWDLQHU OHDVLQJFRPSDQLHV WKHGHFLVLRQV
RIFRQWDLQHURZQHUVLQWKHUHSRVLWLRQLQJFRQWDLQHUVPD\GLIIHUGHSHQGLQJRQ
WKHLULQGLYLGXDOSROLFLHV6KLSSHUVLQDFRPSHWLWLYHVKLSSLQJPDUNHWPD\KDYH
PRUHFKRLFHVLQREWDLQLQJHPSW\FRQWDLQHUVJLYHQWKDWVKLSSLQJOLQHVLQIDFLQJ
FRPSHWLWLRQDUHH[SHFWHGWRUHSRVLWLRQHPSW\FRQWDLQHUVPRUHTXLFNO\$OVR
WKHFRVWRIPDQXIDFWXULQJQHZFRQWDLQHUVSULPDULO\GULYHQE\ WKHFRVWRI
VWHHOPD\LQIOXHQFHWKHUHSRVLWLRQLQJRIHPSW\FRQWDLQHUV LHKLJKHUWKH
FRVWRIFRQVWUXFWLQJQHZFRQWDLQHUV OHVVWKHQXPEHURIQHZFRQWDLQHUVWKDW
ZLOOEHFRQVWUXFWHGDQGWKXVDQLQFUHDVHLQWKHUHSRVLWLRQLQJRIHPSW\H[LVWLQJ
FRQWDLQHUV 2WKHUIDFWRUVLQÀXHQFLQJWKHUHSRVLWLRQLQJRIHPSW\FRQWDLQHUV
LQFOXGH WKHFRVWRI WUDQVSRUWLQJE\VHDDQGLQWHUPRGDOHPSW\FRQWDLQHUV
WKH FRVW RIPDLQWHQDQFH UHSDLU DQG LQVSHFWLRQ RI FRQWDLQHUV DQG WKH
G\QDPLFVRIWKHFRQWDLQHUOHDVLQJLQGXVWU\$OWKRXJKWKHLPSRUWDQFHRIPRUH
DFFXUDWHIRUHFDVWVRIHPSW\FRQWDLQHUV LVHYLGHQW WKHVXEMHFWKDVUHFHLYHG
OLWWOH DWWHQWLRQ LQ WKH OLWHUDWXUH:LWKPRUHDFFXUDWH IRUHFDVWVRI HPSW\
FRQWDLQHUVSRUWVDVZHOODVVKLSSLQJOLQHVDUHLQSRVLWLRQWRUHGXFHWKHFRVWRI
UHSRVLWLRQLQJHPSW\FRQWDLQHUVZLWKLQSRUWDUHDVDQGWRGHVWLQDWLRQSRUWV7KH
SXUSRVHRIWKLVSDSHULVWRFRPSDUHDQGHYDOXDWHPHWKRGVXVHGKHUHWRIRUHDQG
DQHZPHWKRGWKH:LQWHUV0HWKRGIRUIRUHFDVWLQJHPSW\FRQWDLQHUYROXPHV
DWSRUWV6LQFHVKLSSLQJOLQHVFDQQRWUHSRVLWLRQHPSW\FRQWDLQHUVWRGHVWLQDWLRQ
SRUWVXQOHVVWKH\DUHDWRULJLQSRUWVWKHSDSHUZLOORQO\HYDOXDWHPHWKRGVIRU
IRUHFDVWLQJHPSW\FRQWDLQHUYROXPHVDWRULJLQSRUWV7KHIROORZLQJVHFWLRQ
RIWKHSDSHUSUHVHQWVDOLWHUDWXUHUHYLHZRIVWUDWHJLHVIRUUHSRVLWLRQLQJHPSW\
FRQWDLQHUE\VKLSSLQJOLQHVDQGSRUWV6HFWLRQSUHVHQWVDOLWHUDWXUHUHYLHZ
RIIRUHFDVWLQJHPSW\FRQWDLQHUYROXPHVDWSRUWV6HFWLRQXVHVWKH:LQWHUV
PHWKRGDQGPHWKRGVXVHGKHUHWRIRUH WRIRUHFDVWHPSW\FRQWDLQHUYROXPHV
DW WKH86 FRQWDLQHUSRUWVRI/RQJ%HDFK/RV$QJHOHVDQG6DYDQQDK
7KHVHIRUHFDVWVDUHWKHEDVLVIRU WKHHYDOXDWLRQRI WKHIRUHFDVWLQJPHWKRGV
&RQFOXVLRQVIROORZLQ6HFWLRQ
6RQJDQG&DUWHU
%RLOH
7KHRIDQLVDQG%RLOH%RLOH
%RLOH7KHRIDQLV*ROLDVDQG0LWWDO
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II. Literature Review: Repositioning Empty Containers
1. Shipping Lines
6KLSSLQJOLQHVXVH WKHLUVKLSV WR WUDQVSRUWFRQWDLQHUVORDGHGDQGHPSW\
RYHUVHDWUDQVSRUWDWLRQQHWZRUNV$WGHVWLQDWLRQSRUWVFRQWDLQHUVFRQWDLQLQJ
FDUJRDUHXQORDGHGIURPVKLSVDQG WUDQVSRUWHGE\GRPHVWLF WUDQVSRUWDWLRQ
FDUULHUVWUXFN UDLODQGZDWHU WR WKHGHVWLQDWLRQ ORFDWLRQVRIUHFHLYHUVRU
FRQVLJQHHV7KHHPSW\FRQWDLQHUVWKDWDUHUHWXUQHGE\GRPHVWLFFDUULHUVWR
WKHVKLSSLQJOLQHDUHSODFHGLQDFRQWDLQHUVWRUDJH\DUGLQWKHSRUWRURXWVLGH
RI EXWQHDU WKHSRUW WRPHHW IXWXUH UHTXHVWV IRUFRQWDLQHUVE\VKLSSHUV
$OWHUQDWLYHO\ WKHHPSW\FRQWDLQHUV WKDWDUHQRWSODFHGLQFRQWDLQHUVWRUDJH
\DUGVDUHXVHGDQG UHTXHVWHGE\VKLSSLQJ OLQHVDQGVKLSSHUV&RQWDLQHUV
UHTXHVWHGE\VKLSSHUVDUH ORDGHGDW WKHLURZQSUHPLVHVDQGUHWXUQHGWRWKH
SRUW
,IVKLSSLQJOLQHVGRQRWKDYHHQRXJKRI WKHLURZQFRQWDLQHUV WRPHHW WKH
UHTXHVWVRIVKLSSHUVDWDJLYHQSRUW WKH\XVXDOO\ WXUQ WRFRQWDLQHU OHDVLQJ
FRPSDQLHVWRKLUHHQRXJKFRQWDLQHUVWRPHHWUHTXHVWVDQGWKHQµRIIOHDVH¶
FRQWDLQHUVDWSRUWVZKHUHHPSW\FRQWDLQHUVDUH LQVXUSOXV7KHPDMRULW\RI
FRQWDLQHUV WKDWDUHLQXVHZRUOGZLGHDUHRZQHGE\VKLSSLQJOLQHV,Q
RI FRQWDLQHUVZHUHRZQHGE\ VKLSSLQJ OLQHV DQG WKH UHPDLQGHUE\
OHDVLQJFRPSDQLHV7KHDGYDQWDJHVRIFRQWDLQHURZQHUVKLSE\VKLSSLQJ
OLQHVLQFOXGHLQFUHDVHGYLVLELOLW\RIWKHOLQHWRWKHFXVWRPHULPSURYHG
HTXLSPHQW LQYHQWRU\PDQDJHPHQW DQG LPSURYHGFXVWRPHU VHUYLFH
$QDOWHUQDWLYHWR OHDVLQJFRQWDLQHUVE\VKLSSLQJOLQHV LQRUGHU WRDYRLGWKH
UHSRVLWLRQLQJRIFRQWDLQHUV LV WRSXUFKDVH UDWKHU WKDQ OHDVHFRQWDLQHUV LQ
SRUWDUHDVZKHUHHPSW\FRQWDLQHUVDUH LQGHPDQG+RZHYHU WKHGHFLVLRQ
ZKHWKHUWROHDVHRUSXUFKDVHFRQWDLQHUVZLOOEHEDVHGXSRQWKHLUFRPSDUDWLYH
FRVWV7KXV LQRUGHUWRPHHWWKHUHTXHVWVIRUHPSW\FRQWDLQHUVE\VKLSSHUV
VKLSSLQJOLQHVDUHIDFHGZLWKWKHFKDOOHQJHRIUHSRVLWLRQLQJHPSW\FRQWDLQHUV
IURPVXSSO\SRUWVZKHUHWKHVXSSO\RIHPSW\FRQWDLQHUVLVJUHDWHUWKDQWKH
GHPDQGWRGHPDQGSRUWVZKHUHWKHGHPDQGIRUHPSW\FRQWDLQHUVLVJUHDWHU
6KLQWDQL1LVKLPXUDDQG3DSDGLPLWULRX
7KHRIDQLVDQG%RLOH
7KHRIDQLVDQG%RLOH
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WKDQ WKH VXSSO\DQG OHDVLQJ SXUFKDVLQJDPLQLPXPQXPEHURIHPSW\
FRQWDLQHUVIURPOHDVLQJFRPSDQLHVFRQWDLQHUPDQXIDFWXUHUV
7KH UHSRVLWLRQLQJRIHPSW\FRQWDLQHUVSURYLGHV WKH VKLSSHU WKHEHQHILW
RIUHGXFHGZDLWLQJWLPHVWRUHFHLYHHPSW\FRQWDLQHUVZKLOHEHQHILWLQJWKH
VKLSSLQJOLQHWKURXJKLQFUHDVHGXWLOL]DWLRQRIFRQWDLQHUVDQGWKHUHYHQXHWKXV
UHFHLYHG$OWHUQDWLYHO\WKHVKLSSLQJOLQHLQFXUVWUDQVSRUWDWLRQDQGKDQGOLQJ
FRVWVIRUQRQUHYHQXHJHQHUDWLQJRUHPSW\FRQWDLQHUVDQGWKHRSSRUWXQLW\
FRVW RI UHYHQXH IRUHJRQHE\XVLQJ VSDFH RQ VKLSV IRUZKLFK UHYHQXH
JHQHUDWLQJFRQWDLQHUVFRXOGKDYHRFFXSLHG7KHFRVWVLQFXUUHGE\FRQWDLQHU
VKLSSLQJOLQHVLQUHSRVLWLRQLQJHPSW\FRQWDLQHUVDUHVLJQL¿FDQWDQGWKXVDIIHFW
WKHRSHUDWLQJPDUJLQVRIWKHVHOLQHV
7ZRFULWHULDKDYHEHHQXVHGE\FRQWDLQHU VKLSSLQJ OLQHV LQGHYHORSLQJ
VWUDWHJLHV IRU UHSRVLWLRQLQJHPSW\FRQWDLQHUV LQWHUQDOFRRUGLQDWLRQ±
FRRUGLQDWLQJFRQWDLQHUIORZVDFURVVGLIIHUHQWVHUYLFHURXWHVDQGH[WHUQDO
FRQWDLQHUVKDULQJ±SRROLQJRUVKDULQJFRQWDLQHUVDPRQJVKLSSLQJ OLQHV
(PSW\FRQWDLQHU UHSRVLWLRQLQJ VWUDWHJLHVEDVHGXSRQ WKHVH WZRFULWHULD
LQFOXGHFRQWDLQHUVKDULQJZLWKURXWHFRRUGLQDWLRQ±VKLSSLQJOLQHVVKDULQJ
FRQWDLQHUVDFURVVDOOURXWHVFRQWDLQHUVKDULQJZLWKRXWURXWHFRRUGLQDWLRQ
±  VKLSSLQJ OLQHV VKDULQJFRQWDLQHUVEXW WKHUH LVQRFRRUGLQDWLRQDPRQJ
URXWHVURXWHFRRUGLQDWLRQZLWKRXWFRQWDLQHUVKDULQJ±VKLSSLQJOLQHVGRQRW
VKDUHFRQWDLQHUVEXWWU\WREDODQFHFRQWDLQHUÀRZVDFURVVWKHLUURXWHVDQG
QHLWKHUURXWHFRRUGLQDWLRQQRUFRQWDLQHUVKDULQJ±VKLSSLQJOLQHVWU\WREDODQFH
WKHLUFRQWDLQHUÀRZVRQLQGLYLGXDOURXWHVZLWKQRFRRUGLQDWLRQDPRQJURXWHV
DQGQRFRQWDLQHUVKDULQJDPRQJVKLSSLQJOLQHV
2. Ports
7KH UHSRVLWLRQLQJRIHPSW\FRQWDLQHUVZLWKLQDSRUWDUHD LH WKHSRUW
DQGLWVDGMDFHQWDUHD LQFUHDVHVWKHQXPEHURIWUXFNWULSVLQWKHDUHDOLNHO\
FRQWULEXWLQJWR WKHDUHD¶VKLJKZD\FRQJHVWLRQDQGDLUDQGQRLVHSROOXWLRQ
$WWKH³/RV$QJHOHV/RQJ%HDFKSRUWDUHDDVPDOOSHUFHQWDJHUHGXFWLRQLQ
/L/HXQJ:XDQG/LX
'RQJ6RQJ
8QLWHG1DWLRQV
6RQJDQG&DUWHU
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HPSW\UHSRVLWLRQLQJWUDI¿FFDQEHUHÀHFWHGLQVLJQL¿FDQWFRQJHVWLRQUHGXFWLRQ
DQGLPSURYHGRSHUDWLQJFRVWV´7KHQXPEHURIHPSW\FRQWDLQHUV WKDWDUH
UHSRVLWLRQHGLQDSRUWDUHDFDQEHUHGXFHGE\UHXVLQJWKHVHFRQWDLQHUVLQWKH
SRUWDUHD LHXVLQJHPSW\LPSRUWFRQWDLQHUVIRUH[SRUW ORDGVZLWKRXWILUVW
UHWXUQLQJWKHPWRWKHSRUW7KHWZRVWUDWHJLHVIRUGRLQJVRLQFOXGHWKHGHSRW
GLUHFWDQGVWUHHWWXUQVWUDWHJLHV
7KHGHSRWGLUHFWVWUDWHJ\KDVHPSW\FRQWDLQHUVEHLQJVWRUHGPDLQWDLQHG
DQGLQWHUFKDQJHGDWRIISRUWFRQWDLQHUGHSRWV WKDWH[SHULHQFHOHVVKLJKZD\
FRQJHVWLRQWKDQWKDWIRUWKHSRUW7KHVWUHHWWXUQVWUDWHJ\KDVLPSRUWFRQWDLQHUV
LQWKHSRUWDUHDWKDWKDYHEHHQXQORDGHGDQGQRZDUHHPSW\FRQWDLQHUVWKDW
KDYHEHHQGLUHFWO\PRYHGWRORFDOVKLSSHUVIRUWKHORDGLQJRIH[SRUWFDUJR
III. Literature Review:
Forecasting Empty Container Volumes at Ports
6LQFHRI DOO FRQWDLQHUVKDQGOHGE\SRUWVKDYHEHHQHPSW\
FRQWDLQHUV$FRQWDLQHUSRUW LQSODQQLQJIRU LWV IXWXUHFRQWDLQHUKDQGOLQJ
FDSDFLW\ZRXOGOLNHWRNQRZWKHYROXPHRIFRQWDLQHUVWKDW LW LVH[SHFWHGWR
UHFHLYH LQ WKH IXWXUH)RUHFDVWLQJVXFKYROXPHV LVRIWHQD UHTXLUHPHQWRI
SRUWSODQQLQJGHSDUWPHQWV+RZHYHU WKHUHKDVEHHQ OLWWOHGLVFXVVLRQ LQ
WKHOLWHUDWXUHRIWKHPHWKRGVXVHGE\SRUWV LQIRUHFDVWLQJIXWXUHYROXPHVRI
FRQWDLQHUV
3RUWVJHQHUDOO\XVHWKHVWDWLVWLFDOUHJUHVVLRQPRGHOIRUIRUHFDVWLQJYROXPHV
RIFRQWDLQHUV6XFKDPRGHOH[SUHVVHVDSRUW¶VYROXPHRIFRQWDLQHUVDVD
IXQFWLRQRILQWHUQDWLRQDOWUDGHJURZWKDQGYDULRXVPDFURHFRQRPLFYDULDEOHV
3RUWVDOVRXVHWKHµVKLIWDQGVKDUH¶IRUHFDVWLQJPRGHOIRUIRUHFDVWLQJFRQWDLQHU
YROXPHV7KHODWWHUPRGHO LVXVHGWRIRUHFDVW LQWHUQDWLRQDO WUDGHÀRZVE\
PDMRUFRPPRGLW\DQGWKHQWKHVKDUHRIWKHIRUHFDVWHGWUDGHÀRZVWKDWZRXOG
SRWHQWLDOO\EHKDQGOHGE\DJLYHQSRUW7UDGHÀRZVDUHIRUHFDVWHGXVLQJWUHQG
-XOD&KDVVLDNRVDQG,RDQQRX
8QLWHG1DWLRQV
&KRX&KXDQG/LDQJ
&KRX&KXDQG/LDQJ
'DJHQDLVDQG0DUWLQ
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DQDO\VLVDQGHFRQRPHWULFHVWLPDWLRQVRI LPSRUWDQGH[SRUW WUDGHIORZVIRU
DSRUW¶VUHJLRQ6WXGLHVE\KDYHXVHGHFRQRPHWULFPRGHOV WRIRUHFDVW WKH
WUDGHJURZWKRIDUHJLRQDVDIXQFWLRQRILWV*URVV'RPHVWLF3URGXFW*'3
SRSXODWLRQLQGXVWULDOSURGXFWLRQLQGH[DJULFXOWXUDO*'3LQGXVWULDO*'3DQG
6HUYLFH*'3+RZHYHUWKHVHVWXGLHVSURYLGHWUDGHJURZWKIRUHFDVWVDQGQRW
FRQWDLQHUYROXPHIRUHFDVWV
$OWKRXJKGHWHUPLQDQWVRI HPSW\ FRQWDLQHUYROXPHV DUHJHQHUDOO\ WKH
VDPHDVWKHGHWHUPLQDQWVRIQRQHPSW\FRQWDLQHUV WUDGHLPEDODQFHVDPRQJ
FRXQWULHVDUHPRUHLPSRUWDQWIDFWRUVDIIHFWLQJHPSW\FRQWDLQHUYROXPHVWKDQ
QRQHPSW\FRQWDLQHUYROXPHV*UHDWHUWKHWUDGHLPEDODQFHIRUFRQWDLQHUL]HG
FDUJRIRUDJLYHQFRXQWU\LHJUHDWHUWKHGLIIHUHQFHEHWZHHQLWVLPSRUWDQG
H[SRUWFRQWDLQHUL]HGFDUJRHVJUHDWHUZLOOEHWKHQXPEHURIHPSW\FRQWDLQHUV
ÀRZLQJWRDQGIURPWKHFRXQWU\DQGLWVFRQWDLQHUSRUWV$VWXG\IRUHFDVWLQJ
HPSW\FRQWDLQHUYROXPHV IRU WKH3RUWVRI/RQJ%HDFKDQG/RV$QJHOHV
FRQFOXGHGXVLQJDQHFRQRPHWULFPRGHOWKDWWKHRXWERXQGHPSW\FRQWDLQHU
YROXPH IRU WKH WZRSRUWV LV SHUFHQW RI WKHLU WRWDO IRUHFDVWHG HPSW\
FRQWDLQHUYROXPHUHIHUUHGWRDVµ7LRJDPHWKRG¶KHQFHIRUWK
7KXVLI‘Dt-1’LVWKHDFWXDOGLIIHUHQFHEHWZHHQWKHWRWDOORDGHGLQERXQGDQG
WRWDOORDGHGRXWERXQGFRQWDLQHUVGXULQJWKHSHULRG‘t-1’WKHQWKHIRUHFDVWHG
RXWERXQGHPSW\FRQWDLQHUYROXPHIRUSHULRG‘t’UHSUHVHQWHGE\‘Mt’FDQEH
H[SUHVVHGDVLQHTXDWLRQEHORZ
    Mt = 0.88 × Dt-1                       
$IRUHFDVWRIWKHZRUOG¶VYROXPHRIHPSW\FRQWDLQHUÀRZVRUPRYHPHQWV
XVLQJDVLPSOL¿HGDSSURDFKFRQVLVWLQJRIWZRPDMRUVWHSVLVIRXQGLQDVWXG\
E\WKH8QLWHG1DWLRQV,QWKHILUVWVWHS WKHVWXG\DGGVWRWKH
YROXPHVRIQRQHPSW\FRQWDLQHUVLQWKHPDMRUÀRZLPSRUWH[SRUWGLUHFWLRQ
IRUDJLYHQSRUW,QWKHVHFRQGVWHSWKHHPSW\FRQWDLQHUYROXPHLQWKHPLQRU
GLUHFWLRQLVWKHQFDOFXODWHGE\VXEWUDFWLQJWKHQXPEHURIORDGHGFRQWDLQHUVLQ
WKHPLQRUÀRZGLUHFWLRQIURPWKHQHZO\FDOFXODWHGWRWDOYROXPHLQWKHPDMRU
'ROODU.DYRXVVL5DP
6WXG\ZDVFRQGXFWHGE\WKH7LRJD*URXS
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IORZGLUHFWLRQWKLVPHWKRG LV UHIHUUHG WRDV WKH µ8QLWHG1DWLRQVPHWKRG¶
KHQFHIRUWK7KXVLI‘FMA(t-1)’UHSUHVHQWVWKHYROXPHRIQRQHPSW\FRQWDLQHUV
LQ WKHPDMRU IORZGLUHFWLRQDQG ‘FMI(t-1)’ UHSUHVHQWV WKHYROXPHRIQRQ
HPSW\FRQWDLQHUVLQWKHPLQRUÀRZGLUHFWLRQGXULQJWKHSHULRG‘t-1’WKHQWKH
IRUHFDVWHGYROXPHRIHPSW\FRQWDLQHUVµ0W¶GXULQJSHULRGµW¶ZRXOGEHJLYHQ
DVEHORZ
   Mt = 1.035 × FMA(t-1) - FMI(t-1)                                
7KLVVWXG\MXVWLILHV WKHXVHRIVXFKDVLPSOLILHGDSSURDFK±RZLQJWR WKH
PLQRU LPSDFWRI WKH LPEDODQFHVRQ WKHRYHUDOOFRQWDLQHUYROXPHVDQG WKH
GLI¿FXOWLHVLQSUHGLFWLQJDFWXDOHPSW\FRQWDLQHUUDWLRV7KHVWXG\FRQFOXGHV
WKDWHPSW\FRQWDLQHUVFRQVWLWXWHDERXWRIFRQWDLQHUÀRZVZRUOGZLGH
$QDOWHUQDWLYHPHWKRGWRWKRVHRIWKH7LRJD*URXSDQGWKH8QLWHG1DWLRQV
IRUIRUHFDVWLQJSRUWHPSW\FRQWDLQHUÀRZVLVWKH:LQWHUVPHWKRG7KH:LQWHUV
PHWKRGXVHVH[SRQHQWLDOO\ZHLJKWHGPRYLQJDYHUDJHV WR UHSOLFDWHD WLPH
VHULHVWKDWKDVWUHQGDQGVHDVRQDOLW\HIIHFWV7KHZHLJKWVDUHWKHWLPHVHULHV
IDFWRUV OHYHO WUHQGDQGVHDVRQDOLW\V\PEROL]HGE\DOSKDEHWDDQGJDPPD
UHVSHFWLYHO\$Q\REVHUYHGGHPDQGFDQEHGHFRPSRVHGLQWRDV\VWHPDWLFDQG
UDQGRPFRPSRQHQW7KHV\VWHPDWLFFRPSRQHQWPHDVXUHVWKHH[SHFWHGYDOXH
RIGHPDQGDQGFRQVLVWVRIµOHYHO¶WKDWUHSUHVHQWVWKHFXUUHQWGHVHDVRQDOL]HG
GHPDQGµWUHQG¶WKDWUHSUHVHQWVWKHUDWHRIGHFOLQHRUJURZWKDQGµVHDVRQDOLW\¶
WKDWFRUUHVSRQGVWRWKHSUHGLFWDEOHVHDVRQDOÀXFWXDWLRQ,QLWLDOHVWLPDWHVRIWKH
OHYHODQGWUHQGDUHREWDLQHGYLDDUHJUHVVLRQDQDO\VLVRI WKHGHVHDVRQDOL]HG
GDWD7KHUHJUHVVLRQHTXDWLRQH[SUHVVHVGHPDQGDVDIXQFWLRQRI WLPH)RU
DWZRGLPHQVLRQDO&DUWHVLDQFRRUGLQDWHV\VWHPVD\;<WKHUHJUHVVLRQLV
LQWKHIRUPRIDVWUDLJKWOLQHZLWKµGHPDQG¶SORWWHGRQWKH<D[LVDQGµWLPH¶
SORWWHGRQWKH;D[LV8QGHUWKLVVFHQDULRWKHµOHYHO¶UHSUHVHQWVWKHLQWHUFHSW
RI WKH UHJUHVVLRQ OLQHRQ WKH<D[LV DQG µWUHQG¶ UHSUHVHQWV VORSHRI WKH
UHJUHVVLRQOLQH7KXVWKHµOHYHO¶FDQEHWKRXJKWRIDVWKHHVWLPDWHRIGHPDQG
DWWLPH]HURZKLOHWKHµWUHQG¶JLYHVWKHUDWHRILQFUHDVHRUGHFUHDVHLQGHPDQG
IRUHDFKVXEVHTXHQWSHULRG6HDVRQDOLW\IDFWRUVDUHFDOFXODWHGE\WDNLQJWKH
UDWLRRI WKHGHVHDVRQDOL]HGGDWDDQG WKHRULJLQDOYDOXHV7KHHVWLPDWHVRI
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OHYHOWUHQGDQGVHDVRQDOLW\DUHXSGDWHGZLWKHDFKQHZO\REVHUYHGGDWDSRLQW
$GLVFXVVLRQRIWKH:LQWHUVPHWKRGIROORZV$PXOWLSOLFDWLYHWUHQGVHDVRQDO
PHWKRGPD\EHFKDUDFWHUL]HGDVIROORZV
     t t tx a bt F H      
:KHUH tx  LV WKHGHPDQGLQSHULRG t  a  LVD OHYHO b  LVD WUHQG tF  LVD
VHDVRQDOIDFWRUDQG
tH LVDVVXPHGWREHDQLQGHSHQGHQWUDQGRPYDULDEOHZLWKPHDQDQGFRQVWDQWYDULDQFH V  WKRXJKLW LVQRWQHFHVVDU\WKDW WKHHUURU
WHUPVEHQRUPDOO\GLVWULEXWHG 7KHVHDVRQ LVDVVXPHG WREHRI OHQJWK P 
SHULRGVDQGWKHVHDVRQDOLQGLFHVDUHQRUPDOL]HG7KXVDWDQ\SRLQWWKHVXP
RIWKHLQGLFHVRYHUDQHQWLUHVHDVRQLVH[DFWO\HTXDOWRP LHt=1P  Ft =P7KH
IROORZLQJSURFHGXUHWRIRUHFDVWWKHQH[WSHULRG¶VGHPDQGLVVXJJHVWHG
    ˆˆˆ ˆ     t t t P t ta x F a bD D        
    ˆ ˆˆ ˆ    t t t tb a a bE E        
   ˆ ˆˆ     t t t t PF x a FJ J       
ZKHUHĮȕDQGȖDUHVPRRWKLQJFRQVWDQWVZLWKYDOXHVEHWZHHQDQG
0DQ\DXWKRUVKDYHHVWDEOLVKHGGLIIHUHQWFULWHULDDQGSURFHGXUHV WRVHOHFW
WKHVHVPRRWKLQJFRQVWDQWV$OOSURFHGXUHVIDOOLQWRWZREURDGFDWHJRULHV
HVWLPDWLQJWKHVPRRWKLQJFRHI¿FLHQWVDVGHFLVLRQYDULDEOHVLQDPLQLPL]DWLRQ
SUREOHPZKHUHWKHREMHFWLYHIXQFWLRQLVDIXQFWLRQRIWKHIRUHFDVWLQJHUURURU
VLPSO\JXHVVLQJWKHDSSURSULDWHYDOXHVE\MXGJPHQW$VLPSOHEXWUHOLDEOH
PHWKRGLVWRWHVWWKHPRGHODWGLIIHUHQWFRHI¿FLHQWYDOXHVRYHUWKHLUUDQJH>
@WR¿QGWKHVHWRIYDOXHVWKDWSURYLGHWKHOHDVWDPRXQWRIIRUHFDVWLQJHUURU
7KHGLVFXVVLRQLVEDVHGRQ6LOYHU
:LQWHU
*DUGQHUDQG'DQQHQJEULQJ
&KDW¿HOGDQG<DU
7KLVPHWKRGLVHTXLYDOHQWWRWKHPHWKRGRIWKHVPRRWKLQJRIFRHI¿FLHQWVE\MXGJPHQWDVGHVFULEHGE\&KDW¿HOGDQG<DU
+RZHYHUWKHMXGJPHQWLQWKLVFDVHLVPDGHRQWKHEDVLVRISHUIRUPLQJDQXPEHURIH[SHULPHQWVXVLQJGLIIHUHQWFRHI¿FLHQWYDOXHV
LQRUGHUWR¿QGWKHVHWRIYDOXHVWKDWJLYHVWKHOHDVWIRUHFDVWLQJHUURU)RUDGHWDLOHGGLVFXVVLRQRQLVVXHVUHODWHGWRFRHI¿FLHQW
YDOXHVHOHFWLRQVHH&KDW¿HOGDQG<DU
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7KLVVWXG\KDVXVHGWKLVPHWKRGIRUFRHI¿FLHQWHVWLPDWLRQ
7KH WHUP ˆt t Px F  LQ HTXDWLRQ  LV DQ HVWLPDWHRI WKHGHVHDVRQDOL]HG
DFWXDOGHPDQGLQSHULRG t  tˆ PF   LV WKHYDOXHRI WKHVHDVRQDO LQGH[IRU WKH
ODWHVWHTXLYDOHQWSHULRG LQ WKHVHDVRQDOF\FOH7KHGLIIHUHQFHWHUP ˆ ˆt ta a 
LQHTXDWLRQLVDQHVWLPDWHRIWKHUHDO WUHQGLQSHULRG t 7KHWHUP ˆt tx a 
LQHTXDWLRQLVDQHVWLPDWHRIWKHVHDVRQDOIDFWRUEDVHGRQWKHPRVWUHFHQW
GHPDQG7KXVDVDOO IXQGDPHQWDOH[SRQHQWLDO VPRRWKLQJEDVLFHTXDWLRQV
UHIOHFW WKHVH HTXDWLRQVPLUURU D OLQHDU FRPELQDWLRQ RI WKH KLVWRULFDO
LQIRUPDWLRQDQGWKHHVWLPDWHLVGHULYHGIURPWKHODWHVWGHPDQGLQIRUPDWLRQ
,W LVGHVLUDEOHWRSHUPDQHQWO\KDYHWKHVXPRIWKHLQGLFHVWKURXJKDQHQWLUH
VHDVRQDGGWR P $FFRUGLQJO\ZKHQDSDUWLFXODULQGH[LVUHYLVHGDOOLQGLFHV
DUH UHQRUPDOL]HG WRDFKLHYH WKLVHTXDOLW\7KHGHWDLOHGH[SODQDWLRQRI WKH
PHWKRGFDQEH IRXQG LQ:KLOHHTXDWLRQ  LV WREHXVHG IRU H[SRVW
IRUHFDVWLQJWKHHTXDWLRQEHORZLVXVHGIRUH[DQWHIRUHFDVWLQJ
           xWWȦ =(ât +bt Ȧ)WȦ3   
(TXDWLRQJLYHVWKHIRUHFDVWxWWȦIRUDSHULRGWȦEDVHGRQWKHPRGHO
LQSHULRGWZKHUHâtLVWKHHVWLPDWHRIOHYHODWWLPHµW¶btLVWKHHVWLPDWHRI
WUHQGDWWLPHµW¶DQGFWȦ3LVWKHHVWLPDWHRIWKHVHDVRQDOIDFWRUDWWLPHµWȦ3¶
ZLWKWKHFRQVWUDLQWWKDWȦ37KLVFRQVWUDLQWLVQHFHVVDU\VLQFHWKHIRUHFDVW
LVEDVHGRQWKHPRGHODWWLPHµW¶DQGDQ\LQIRUPDWLRQEH\RQGµW¶LVXQDYDLODEOH
7KH GLIIHUHQFH EHWZHHQ D IRUHFDVWHG DQG DQ DFWXDO SDUDPHWHU LV WKH
IRUHFDVWLQJHUURUIRUWKHSDUDPHWHU6LQFHWKHEDVLFSXUSRVHRIDIRUHFDVWLQJ
PHWKRG LV WRSURYLGHDQDFFXUDWH IRUHFDVW IRUHFDVWLQJHUURUEHFRPHV WKH
REYLRXVPHDQV IRU FRPSDULQJ WKHSHUIRUPDQFHRIGLIIHUHQW IRUHFDVWLQJ
PHWKRGV7KHPRVWFRPPRQVWDWLVWLFVXVHG LQHYDOXDWLQJ WKH IRUHFDVWLQJ
DFFXUDF\RIIRUHFDVWLQJPHWKRGVDUHWKH0HDQ6TXDUHG(UURU06(0HDQ
$EVROXWH'HYLDWLRQ 0$' DQG0HDQ$EVROXWH3HUFHQWDJH'HYLDWLRQ
0$3(
$IRUHFDVWHUURUIRUSHULRG tPD\EHUHSUHVHQWHGE\İWDQGGHILQHGDV WKH
:LQWHUV
GLIIHUHQFHEHWZHHQDFWXDODQGSUHGLFWHGGHPDQGRUİt=xt - xt-1,t 7KH06(PD\
EHH[SUHVVHGDV
   


 n
n t
t
MSE
n
H
 
 ¦    
7KHMSELVWKHYDULDQFHRIWKHIRUHFDVWHUURU
7KHDEVROXWHGHYLDWLRQLQSHULRG t,AtFDQEHGHVFULEHGDVWKHDEVROXWHYDOXH
RI WKHHUURU LQSHULRG tAt=|İ t_ $VDUHVXOW WKHPHDQRIDEVROXWHGHYLDWLRQ
RYHUDOOSHULRGVFDQEHGHVFULEHGE\
         
7KHMADFDQEHXVHG WRHVWLPDWH WKHVWDQGDUGGHYLDWLRQRI WKH UDQGRP
FRPSRQHQWDVVXPLQJWKDWWKHUDQGRPFRPSRQHQWLVQRUPDOO\GLVWULEXWHG7KLV
LVXVXDOO\GH¿QHGE\ı MAD30)
7KHPHDQDEVROXWHSHUFHQWDJHHUURUMAPE LVXVXDOO\UHSUHVHQWHGE\ WKH
DYHUDJHDEVROXWHHUURUDVDSHUFHQWDJHRIGHPDQG
         
,QJHQHUDO WKH VXPRI IRUHFDVW HUURUVFDQEHXVHG WRYHULI\ZKHWKHUD
IRUHFDVWLQJPHWKRGFRQVLVWHQWO\RYHURUXQGHUHVWLPDWHVGHPDQG(TXDWLRQ
SUHVHQWVWKLVVLPSOHFKDUDFWHUL]DWLRQ
         
2YHUDOO LI WKHHUURULV WUXO\UDQGRPWKH%,$6ZLOORVFLOODWHDURXQG ,Q
WKLVVWXG\0$'DQG06(DUHXVHGLQHYDOXDWLQJWKHIRUHFDVWLQJSHUIRUPDQFHV
RI WKHIRUHFDVWLQJPHWKRGV 0$'LVH[WHQVLYHO\XVHG LQ WKHFRQWH[WRI
6LOYHU
$VXPPDU\GLVFXVVLRQRQWKHXVHDQGLQWHUSUHWDWLRQRIWKHDERYHVWDWLVWLFVLQDVXSSO\FKDLQFRQWH[WLVIRXQGLQ&KRSUDDQG
0HLQGO
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LQYHQWRU\FRQWUROSUREOHPV(PSW\FRQWDLQHUUHSRVLWLRQLQJFDQEHEURDGO\
GH¿QHGDVDQLQYHQWRU\FRQWUROSUREOHPDQGKHQFHXVLQJ0$'VHHPVORJLFDO
7KH06(LVFDOFXODWHGDVWKHDYHUDJHRIWKHVXPRIWKHVTXDUHVRIIRUHFDVWLQJ
HUURUVDQG LV VLPLODU WR0$'DSDUW IURP WKH IDFW WKDW LW LVPRUHSXQLWLYH
WRZDUGVODUJHHUURUVWKDQ0$',QWKHIROORZLQJVHFWLRQWKH:LQWHUV7LRJD
*URXSDQG8QLWHG1DWLRQVPHWKRGVDUHXVHGWRIRUHFDVWHPSW\FRQWDLQHUÀRZV
DWWKH863RUWVRI/RQJ%HDFK/RV$QJHOHVDQG6DYDQQDK,WLVVKRZQWKDW
WKH:LQWHUV0HWKRGSHUIRUPVEHWWHULQIRUHFDVWLQJHPSW\FRQWDLQHUÀRZVDW
WKHVHSRUWVWKDQWKH7LRJD*URXSDQG8QLWHG1DWLRQVIRUHFDVWLQJPHWKRGV
IV. Forecasting Empty Container Volumes: Empirical Analysis
1. Port of Long Beach
7KH3RUWRI/RQJ%HDFK&DOLIRUQLD LV WKHVHFRQGODUJHVWFRQWDLQHUSRUW
LQWKH86DQGLVDPDMRU86SRUWIRUUHFHLSWRIFRQWDLQHUL]HGFDUJRIURP
$VLD2YHUWKHODVWGHFDGHLWKDVH[SHULHQFHGODUJHWUDGHLPEDODQFHVEHWZHHQ
LPSRUWVDQGH[SRUWV:LWKWKHIRUPHUJUHDWO\H[FHHGLQJWKHODWHUWKHSRUWKDV
H[SHULHQFHGDKHDY\RXWERXQGIORZRIHPSW\FRQWDLQHUV,Q WKH\HDU
IRUH[DPSOHWRWDOHPSW\FRQWDLQHUVKDQGOHGDWWKH3RUWRI/RQJ%HDFKZHUH
DERXWRIWKHORDGHGRXWERXQGFRQWDLQHUWUDI¿FDWWKHSRUW
,Q)LJXUHEHORZPRQWKO\RXWERXQGHPSW\FRQWDLQHUV IRU WKH3RUWRI
/RQJ%HDFKIRUVHOHFWHG\HDUVLVIRXQG)LJXUHFOHDUO\VKRZVDWUHQGDQG
VHDVRQDOLW\ WKDW LV UHSHDWHG\HDUDIWHU\HDU7KH WUHQG LVHYLGHQW IURPWKH
VWHDG\LQFUHDVHLQWKHYROXPHRIHPSW\FRQWDLQHUÀRZVIURPWR
7KHVHDVRQDOLW\LQWKH\HDUO\YROXPHRIRXWERXQGHPSW\FRQWDLQHUVIRUHDFK
\HDULQ)LJXUHLVUHYHDOHGZLWKWKHGLSLQWKLVYROXPHLQWKH¿UVWTXDUWHURI
HDFK\HDUIROORZHGE\DVWHDG\ULVHLQWKHYROXPHRYHUWKHQH[WWZRTXDUWHUV
DQGHQGLQJZLWKDGLSLQWKHYROXPHLQWKHODVWKDOIRIWKHIRXUWKTXDUWHU
7KHPRQWKO\GDWDRIRXWERXQGHPSW\FRQWDLQHUVIRUWKH3RUWRI/RQJ%HDFK
IRUWKHSHULRGDUHXVHGWRJHQHUDWHH[DQWHPRQWKO\IRUHFDVWVRI
RXWERXQGHPSW\FRQWDLQHUYROXPHVDWWKH3RUWRI/RQJ%HDFKE\WKH:LQWHUV
$UPVWURQJDQG&DOORS\
7KLVDSSUR[LPDWHYDOXHZDVFDOFXODWHGEDVHGRQGDWDIRXQGLQWKH3RUWRI/RQJ%HDFK7(86WDWV$UFKLYHV$FFXUDWH\HDUE\
\HDUYDOXHVDUHIRXQGLQWKH3RUWRI/RQJ%HDFK7(86WDWV$UFKLYHV
3RUWRI/RQJ%HDFK7(86WDWV$UFKLYHV
7KHWHUP³H[DQWH´PHDQV³H[SHFWHGEHIRUHWKHHYHQW´,WLVFRPPRQO\HPSOR\HGLQVHWWLQJVZKHUHUHVXOWVDUHSUHGLFWHGLQDGYDQFH
&RQYHUVHO\WKHWHUPH[SRVWPHDQV³DIWHUWKHHYHQWRUDFWXDO´
7LRJD*URXSDQG8QLWHG1DWLRQVPHWKRGV7KHH[DQWHIRUHFDVWVDUHJHQHUDWHG
E\ ILWWLQJ WKHVHPHWKRGV WR WKHGDWD DQG WKHQXVLQJ WKHPHWKRGV¶ ILWWHG
HTXDWLRQVWRIRUHFDVWWKHPRQWKO\YROXPHRIHPSW\FRQWDLQHUVIRUHDFKPRQWK
IRUWKHWLPHSHULRG±7KHVPRRWKLQJFRHI¿FLHQWVĮȕDQGȖIRU
WKH:LQWHUVPHWKRGDUHHVWLPDWHGE\QXPHURXVV\VWHPDWLFH[SHULPHQWVZLWKLQ
WKHUDQJHRIĮȕDQGȖWRDQGUHVSHFWLYHO\([WHQVLYHSUHOLPLQDU\
H[SHULPHQWDWLRQZDVFRQGXFWHG WRHQVXUH WKDW WKHVHYDOXHVFRUUHVSRQG WR
WKHOHDVWYDOXHVIRU0$'DQG06(DQGWKXVUHSUHVHQWWKHEHVWSHUIRUPLQJ
PHWKRGIRUWKHJLYHQGDWD
)LJXUH!0RQWKO\YROXPHRIRXWERXQGHPSW\FRQWDLQHUVLQ7(8VIRUWKH3RUWRI/RQJ
%HDFKIRUVHOHFWHG\HDUVZ]P
7KHIRUHFDVWHGYROXPHRIHPSW\FRQWDLQHUV IRUHDFKPRQWK LVFRPSDUHG
WR WKHDFWXDOYROXPHIRU WKDWPRQWK7KHGLIIHUHQFHEHWZHHQ WKHPRQWKO\
IRUHFDVWHGYROXPHDQGWKHPRQWKO\DFWXDOYROXPHRIHPSW\FRQWDLQHUVLVWKH
IRUHFDVWHUURU)RUHFDVWHUURUVDUHWKHQXVHGWRFDOFXODWHWKH06(DQG0$'
VWDWLVWLFVIRUWKHWKUHHIRUHFDVWLQJPHWKRGV7KHH[DQWHIRUHFDVWLQJDELOLW\RI
WKHWKUHHPHWKRGVLVHYDOXDWHGXVLQJWKHFDOFXODWHG06(VDQGWKH0$'V
)LJXUH  SORWV WKH DFWXDO DQG IRUHFDVWHGPRQWKO\ YROXPHV RI HPSW\
FRQWDLQHUV IRUDOOPRQWKV IRU WKH\HDUVEDVHGXSRQ WKH WKUHH
IRUHFDVWLQJPHWKRGV7KHPHWKRG IRUZKLFK LWV IRUHFDVWHGYROXPHVDUH
QHDUHVWWKHDFWXDOYROXPHVRIHPSW\FRQWDLQHUVZLOOEHUHIHUUHGWRDVWKHEHVW
3RUWRI/RQJ%HDFK7(86WDWV$UFKLYHV
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IRUHFDVWLQJPHWKRGDPRQJWKHWKUHHPHWKRGV9LVXDOO\LWFDQEHVHHQWKDWWKH
:LQWHUVSORWRIIRUHFDVWHGHPSW\FRQWDLQHUV¿WVWKHDFWXDOHPSW\FRQWDLQHUV
EHWWHU WKDQWKHRWKHUWZRPHWKRGV7KLVLVERUQHRXWE\WKHHYLGHQFHIRXQG
LQ7DEOHZKHUHWKH0$'VDQG06(VIRUWKHWKUHHIRUHFDVWLQJPHWKRGVDUH
IRXQG7KH:LQWHUVPHWKRGKDVVXEVWDQWLDOO\ORZHUYDOXHVIRU0$'DQG06(
DQGWKXVIRUHFDVWLQJHUURUVWKDQWKRVHRIWKH7LRJD*URXSDQG8QLWHG1DWLRQV
PHWKRGV
)LJXUH!)RUHFDVWHGDQGDFWXDOYROXPHVRIRXWERXQGHPSW\FRQWDLQHUVIRUWKH3RUWRI
/RQJ%HDFKPRQWKO\YDOXHVIRUWKH\HDUVZ^P
7DEOH!7KH0HDQ6TXDUHG(UURUDQGWKH0HDQ$YHUDJH'HYLDWLRQIRU)RUHFDVWLQJ
0HWKRGVIRUWKH3RUWRI/RQJ%HDFK
 7LRJD*URXS 8QLWHG1DWLRQV :LQWHUV
06(   
0$'   
2. The Port of Los Angeles
7KH3RUWRI/RV$QJHOHV &DOLIRUQLD LV WKH ODUJHVWFRQWDLQHUSRUW LQ WKH
86DQG OLNH WKH3RUWRI/RQJ%HDFK LVDPDMRU86SRUW IRU UHFHLSWRI
7KH3RUWRI/RQJ%HDFK7(86WDWV$UFKLYHV
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FRQWDLQHUL]HGFDUJRIURP$VLD,QWKH3RUWRI/RV$QJHOHV¶YROXPHRI
RXWERXQGHPSW\FRQWDLQHUVZHUHDERXWRIWKHWRWDORXWERXQGYROXPH
RIFRQWDLQHUVDW WKHSRUW)LJXUHSORWV WKHDFWXDODQGIRUHFDVWHGPRQWKO\
YROXPHVRIHPSW\FRQWDLQHUVIRUWKH3RUWRI/RV$QJHOHVIRUWKH\HDUV
)RUHFDVWVIURPDOOWKUHHIRUHFDVWLQJPHWKRGVDUHSUHVHQWHG7KH0$'V
DQG06(VIRUWKHWKUHHIRUHFDVWLQJPHWKRGVDUHIRXQGDUHIRXQGLQ7DEOH
$VIRUWKH3RUWRI/RQJ%HDFKWKH:LQWHUVPHWKRGSHUIRUPHGVXEVWDQWLDOO\
EHWWHU LQ IRUHFDVWLQJ WKHYROXPHRIHPSW\FRQWDLQHUV WKDQ WKHRWKHU WZR
IRUHFDVWLQJPHWKRGV
)LJXUH!)RUHFDVWHGDQGDFWXDOPRQWKO\YROXPHVRIRXWERXQGHPSW\FRQWDLQHUVIRUWKH
3RUWRI/RV$QJHOHV$OOPRQWKVIURP
7KHVPRRWKLQJFRHIILFLHQWVĮȕȖIRU WKH:LQWHUVPHWKRGDUH
UHVSHFWLYHO\7KHLQWHUSUHWDWLRQVRI WKHFRHIILFLHQWVDUHVLPLODU WR WKRVHIRU
WKH3RUWRI/RQJ%HDFK+RZHYHUIRUWKH3RUWRI$QJHOHVWKHYDOXHRIĮ 
LQGLFDWHVWKDWWKHQHDUWHUPHVWLPDWHVRIOHYHODUHOHVVLQGLFDWLYHRIWKHFXUUHQW
HVWLPDWHVRIWKHOHYHOIRUWKH3RUWRI/RV$QJHOHVDVFRPSDUHGWRWKH3RUWRI
/RQJ%HDFK
$SSUR[LPDWHYDOXHFDOFXODWHGIRUGHPRQVWUDWLRQSXUSRVHRQWKHEDVLVRIGDWDIURP3RUWRI/RV$QJHOHV6WDWLVWLFV
)RUDFFXUDWH\HDUE\\HDUYDOXHVUHIHUWRGDWDIURP3RUWRI/RV$QJHOHV6WDWLVWLFV
3RUWRI/RV$QJHOHV6WDWLVWLFV
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7DEOH!7KH0HDQ6TXDUHG(UURUDQGWKH0HDQ$YHUDJH'HYLDWLRQIRU)RUHFDVWLQJ
0HWKRGVIRU/RV$QJHOHV&DOLIRUQLD
 7LRJD*URXS 8QLWHG1DWLRQV :LQWHUV
06(   
0$'   
3. Port of Savannah, Georgia
7KH3RUWRI6DYDQQDKLV WKHIRXUWK ODUJHVWFRQWDLQHUSRUW LQ WKH86DQG
WKHVHFRQG ODUJHVWFRQWDLQHUSRUWRQ WKH86(DVW&RDVW7KHYROXPHRI
WUDGHEHWZHHQH[SRUWVDQGLPSRUWVDWWKH3RUWRI6DYDQQDKLVTXLWHEDODQFHG
+RZHYHU WKHYROXPHRIRXWERXQGHPSW\FRQWDLQHUVKDVEHHQFRQVLVWHQWO\
KLJKHUWKDQWKHYROXPHRILQERXQGHPSW\FRQWDLQHUV$VIRUWKH3RUWVRI/RQJ
%HDFKDQG/RV$QJHOHV WKH:LQWHUVPHWKRGSHUIRUPVEHWWHUWKDQWKH7LRJD
*URXSDQGWKH8QLWHG1DWLRQVPHWKRGVLQIRUHFDVWLQJWKHPRQWKO\YROXPHVRI
HPSW\FRQWDLQHUVDWWKH3RUWRI6DYDQQDK7KLVLVHYLGHQWIURPWKHDFWXDODQG
IRUHFDVWHGPRQWKO\YROXPHVRIRXWERXQGFRQWDLQHUVLQ)LJXUHDQGWKH06(
DQG0$'YDOXHVIRXQGLQ7DEOH
)LJXUH!)RUHFDVWHGDQGDFWXDOPRQWKO\YROXPHVRIRXWERXQGHPSW\FRQWDLQHUVIRUWKH
3RUWRI6DYDQQDK$OOPRQWKVIURP
3RUWRI6DYDQQDK6DOHVDQG0DUNHWLQJ
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7DEOH!7KH0HDQ6TXDUHG(UURUDQGWKH0HDQ$YHUDJH'HYLDWLRQIRU)RUHFDVWLQJ
PHWKRGVIRU6DYDQQDK*HRUJLD
 7LRJD*URXS 8QLWHG1DWLRQV :LQWHUV
06(   
0$'   
7KHVPRRWKLQJFRHI¿FLHQWVĮȕDQGȖIRU WKH3RUWRI6DYDQQDKDUH
DQGUHVSHFWLYHO\7KHVHYDOXHVDJUHHLQSULQFLSOHZLWKWKHYDOXHVHVWLPDWHG
IRU WKH3RUWRI/RV$QJHOHVDQG WKH3RUWRI/RQJ%HDFK7KXV WKHVDPH
LQWHUSUHWDWLRQIRUWKH:LQWHUVPHWKRGIRUWKH3RUWRI6DYDQQDKLVVLPLODUWRWKH
LQWHUSUHWDWLRQVIRUWKH:LQWHUVPHWKRGIRUWKH3RUWVRI/RQJ%HDFKDQG/RV
$QJHOHV
V. Conclusion
7KLVSDSHUKDVHYDOXDWHG WKH:LQWHUV7LRJD*URXSDQG8QLWHG1DWLRQV
PHWKRGVIRUIRUHFDVWLQJHPSW\FRQWDLQHUYROXPHVDWFRQWDLQHUSRUWV$PRQJ
WKHVHWKUHHPHWKRGVRQO\WKH7LRJD*URXSPHWKRGKDVEHHQXVHGLQWKHSDVW
WR IRUHFDVWYROXPHVRISRUWHPSW\FRQWDLQHUV7KHIRUHFDVWLQJDELOLWLHVRI
WKHWKUHHPHWKRGVZHUHHYDOXDWHGXVLQJWKHVWDWLVWLFV0$'0HDQ$EVROXWH
'HYLDWLRQDQG06(0HDQ6TXDUHG(UURUZKRVHYDOXHVDUHEDVHGXSRQ
WKHIRUHFDVWLQJHUURUV LQIRUHFDVWLQJHPSW\FRQWDLQHUYROXPHVIRU WKH86
FRQWDLQHUSRUWV±3RUWRI/RQJ%HDFK3RUWVRI/RV$QJHOHVDQG3RUWRI
6DYDQQDK7KHHYDOXDWLRQVIRXQGWKDWWKH:LQWHUVPHWKRGLVDPRUHDFFXUDWH
IRUHFDVWHURIHPSW\FRQWDLQHUYROXPHV WKDQ WKH7LRJD*URXSDQG8QLWHG
QDWLRQVPHWKRGV)XUWKHUWKHVPRRWKLQJFRHI¿FLHQWVIRUWKH:LQWHUVPHWKRG
IRUDOOWKHWKUHHSRUWVLQGLFDWHWKDWWKHOHYHOVRIHPSW\FRQWDLQHUYROXPHVDUH
EHVWHVWLPDWHGE\WKHLUOHYHOVLQWKHQHDUHVWSDVWSHULRG+RZHYHUWKHQHDUHVW
SDVWSHULRGLVQRWDJRRGLQGLFDWRURIWKHH[SHFWHGWUHQG7KLVLQIHUHQFHVHHPV
ORJLFDOIURPORRNLQJDWWKHKLJKYRODWLOLW\LQWKHHPSW\FRQWDLQHUYROXPHV
,Q IRUHFDVWLQJHPSW\FRQWDLQHUYROXPHV WKH7LRJD*URXSDQG8QLWHG
1DWLRQVPHWKRGVH[SUHVV WKHYROXPHRIHPSW\FRQWDLQHUVDVDIXQFWLRQRI
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WKH WUDGH LPEDODQFH LH WKHGLIIHUHQFHEHWZHHQ LPSRUWVDQG WKHH[SRUWV
7UDGHLPEDODQFHKDVEHHQFLWHGDVWKHPRVWGRPLQDQWIDFWRUFRQWULEXWLQJWR
DSRUW¶VYROXPHRIHPSW\FRQWDLQHUV+RZHYHU WKHJHQHUDODVVXPSWLRQRI
DSRVLWLYHUHODWLRQVKLSEHWZHHQDSRUW¶V WUDGH LPEDODQFHDQGLWVYROXPHRI
HPSW\FRQWDLQHUVPD\QRWEHXQLYHUVDOO\DSSOLFDEOH)RUH[DPSOH WKH3RUW
RI6DYDQQDKKDVDKLJKRXWERXQGYROXPHRIHPSW\FRQWDLQHUVHYHQWKRXJK
WKHYROXPHRIFRQWDLQHU WUDGHIRU6DYDQQDK LV UHODWLYHO\EDODQFHG LH WKH
GLIIHUHQFHEHWZHHQ WKHH[SRUWDQG LPSRUW7(8V LV UHODWLYHO\ ORZ)XWXUH
UHVHDUFKVKRXOG LQYHVWLJDWHZKHWKHU WKH:LQWHUVPHWKRGRUDQDOWHUQDWLYH
PHWKRG LVXQLYHUVDOO\ DPRUH DFFXUDWH IRUHFDVWHURIYROXPHVRI HPSW\
FRQWDLQHUVDWFRQWDLQHUSRUWV
              
'DWHRI&RQWULEXWLRQ'HF
'DWHRI$FFHSWDQFH$XJXVW
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